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(54) Optical head 

(57) The configuration of an optical head is such 
that it enables movement of and setting of the position 
of a laser light source along an optical axis to either a 
first position which corresponds to the position for which 
an objective lens is designed to accommodate an opti- 
cal disc having a first substrate thickness, and a third 
position which is between the first position and a second 
position at which the aberration with respect to an opti- 
cal disc having a second substrate thickness, which is 
different than that of the first optical disc, is minimum. By 



establishing this third position as a position at which not 
only is there a reduction in aberration with respect to the 
second optical disc, but also at which there is no signif- 
icant reduction in the allowable amount of lateral skew 
of the laser light source from the optical axis, it is possi- 
ble to prevent a significant worsening of aberration char- 
acteristics, even if the laser light source is skewed from 
the optical axis. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present invention relates to an optical head 
which is capable of recording onto and playing back 
from optical disc media having differing substrate thick- 
nesses, such as DVDs (digital video discs) and CDs w 
(compact discs) in an optical disc apparatus. 

2. Description of Related Art 

in the above-noted type of optical disc apparatus 15 
which is generally used, to maintain the surface of the 
recording medium formed in the order of microns, an 
optical head is used which forms a minutely small spot 
onto the recording medium surface through transparent 
substrate. In this type of configuration, because a colli- 20 
mated beam passes through a transparent substrate 
that is a parallel flat plate, a wavef ront aberration occurs 
that is dependent upon the thickness of the parallel flat 
plate. 

The term wavefront aberration used here refers to a 25 
skew in the collimated beam from an equiphase sur- 
face. If this skew is large, the size of the collimated spot 
expands to greater than the diffraction limit, preventing 
good-quality recording and playback characteristics. 

Therefore, to form a minutely small spot that is near 30 
the diffraction limit onto the recording medium, a lens in 
the optical head optics system is design so as to com- 
pensate this wavefront aberration. Recently, it has 
become possible to include a correction function using a 
single aspherical lens. 35 

The thickness of the substrate of an optical disc will 
depend upon the purpose thereof, such as with the sub- 
strates of an optical disk, for example. DVDs and CDs. 
When the substrate thickness varies, because the 
amount of wavefront aberration compensation varies, in 40 
a head that is designed to accommodate a substrate 
thickness for a specific type of optical disc, it is not pos- 
sible to compensate for the wavefront aberration of a 
separate disc having a substrate of a different thickness, 
making it impossible to perform recording and playback 45 
of that type of disc. 

To solve this problem in the past, there was a tech- 
nique proposed whereby the distance between the laser 
light source 1 and the objective lens 2 was changed, as 
shown in Fig. 4, thereby enabling a reduction of aberra- so 
tion caused by the difference in substrate thickness. 

In this example, the light radiated by the laser light 
source 1 which is disposed at a first position P1 passes 
through the objective lens 2, and is collected onto the 
first optical disc 3. In the case of a second optical disc 4 ss 
which has a different substrate thickness, the laser light 
source 1 is moved to a second position P2 at which the 
aberration is minimum for the substrate thickness of this 



optical disc 4, thereby enabling optical disc playback 
with a minutely small spot. 

However, in the above-noted optical head, when 
moving the laser light source 1 to the second position 
P2 at which the aberration is minimum with respect to 
the optical disc 2, because of error in the movement 
position thereof, the aberration characteristics can actu- 
ally be worsened. 

More specifically, Fig. 3 shows the relationship 
between the change in the position of the laser light 
source and the allowable amount of overall wavefront 
aberration and shift (lateral skew to the outside of the 
light axis and is referred to a lateral skew hereunder), in 
an optical system including the objective lens. From this 
drawing, it can be seen that, accompanying a change in 
the position of the laser light source, although there 
exists a position at which the overall aberration is mini- 
mum, this is accompanied by a reduction in the allowa- 
ble lateral shift. 

For this reason, when the laser light source 1 
moves to the second position P2 in Fig. 4, although the 
associated aberration is minimum, the reduction in the 
allowable error under this condition in fact causes a 
sharp worsening of the aberration characteristics. 

In view of the foregoing, an object of the present 
invention is to provide an optical head which solves the 
above problem, and which can accommodate optical 
discs of different substrate thicknesses without a wors- 
ening of the aberration characteristics. 

SUMMARY OF THE INVENTION 

To attain the object of the present invention as men- 
tioned above, the present invention basically has the fol- 
lowing technical conception in that as the first aspect of 
the present invention, an optical head which collects 
light that is emitted from a laser light source, via an 
intervening objective lens, onto an optical disk as a 
minutely small spot, the objective lens being designed 
to accommodate the substrate thickness of a first opti- 
cal disc, and the laser light source being at either one of 
a first position on an optical axis with respect to the 
objective lens, or a prescribed third actual or virtual 
position on the optical axis, which is between the first 
position and a second position on the optical axis that 
corresponds to a position at which the aberration is min- 
imum with respect to a second optical disc that has a 
substrate thickness which differs from the substrate 
thickness of the first optical disc. 

And as the second aspect of the present invention, 
it is provided that a method for recording or reproducing 
optical information on to or from optical disks each hav- 
ing a separate thickness thereof from each other, utiliz- 
ing an optical head means in which light that is emitted 
from a laser light source, is collected via an intervening 
objective lens, onto an optical disk as a minutely small 
spot, wherein when a first optical disc is used, the laser 
light emitted from the laser light source located at a first 
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position on an optical axis with respect to the objective 
lens, is focused onto the first optical disc, while when a 
second optical disc having a thickness thereof being dif- 
ferent from that of the first optical disc is used, the laser 
light emitted from the laser light source located at an s 
actual third position or imaginary third position formed 
on an optical axis with respect to the objective lens, is 
focused onto the second optical disc. 

In the present invention, the objective lens, pro- 
vided for the purpose of collecting from the light emitted 10 
from a laser light source a minutely small spot of light 
onto an optical disc is designed so as to accommodate 
a first optical disc substrate thickness, the laser light 
source being configured so as to be movable or imagi- 
narily settable at a third position on a light axis which is is 
between the above-noted first position on the light axis 
and a second position which is different from the first 
position, and at which the aberration with respect to a 
second optical disc is minimum. 

This third position is set so that even if the wave- 20 
front aberration with respect to the second optical disc is 
reduced in comparison with the first position, there is no 
significant reduction in the amount of allowable lateral 
skew. 

The laser light source is mechanically configured so 25 
that it is movable along the optical axis. Another method 
is to have a hologram element formed by interference of 
the two spherical waves from the laser light source and 
the objective lens disposed between the laser light 
source and the objective lens, the virtual position of the 30 
laser light source on the optical axis being changed 
between the first position and the third position by selec- 
tion of the hologram element transmitted light and the 
diffracted light. 

In addition, it is possible to dispose a polarizing 35 
hologram element which diffracts light of only a specific 
polarization direction between the laser light source and 
the objective lens, the virtual position of the laser light 
source on the optical axis being changed between the 
first position and the third position by selection of the 40 
polarized light emitted from the hologram element. 

Brief Description of the Drawings 

Fig. 1 is a drawing which shows the configuration of 45 
the first embodiment of the present invention. 

Fig. 2 is a drawing which shows the configuration of 
the first embodiment of the present invention. 

Fig. 3 is a drawing which shows the relationship 
between the laser light source position, the spherical so 
aberration, and the allowable amount of lateral shift. 

Fig. A is a drawing which shows an example of the 
configuration of an optical head of the past. 

Detailed Description of the Preferred Embodiments ss 

Embodiments of present invention are described 
below, with reference being made to the relevant 



accompanying drawings. Fig. 1 is a drawing which illus- 
trates the configuration of the of the first embodiment of 
the present invention. 

Fig. 1 shows one specific embodiment of an optical 
head of the present invention in which it is shown that an 
optical head 10 which collects light that is emitted from 
a laser light source 1, via an intervening objective lens 
2, onto an optical disk 3 as a minutely small spot, the 
objective lens 2 being designed to accommodate the 
substrate thickness of a first optical disc 3, and the laser 
light source 1 being at either one of a first position P1 on 
an optical axis 0 with respect to the objective lens 2, or 
a prescribed third actual or virtual position P3 on the 
optical axis 0, which is between the first position P1 and 
a second position P2 on the optical axis 0 that corre- 
sponds to a position at which the aberration is minimum 
with respect to a second optical disc 4 that has a sub- 
strate thickness which differs from the substrate thick- 
ness of the first optical disc 3. 

The embodiment of the present invention will be 
explained more precisely with reference to Figs 1 to 2, 
as follows; 

The light emitted by the laser light source 1 which is 
disposed on the optical axis at the first position P1 
passes through the objective lens 2 and is collected 
onto the first optical disc 3. 

Although it is not shown in the drawing, light which 
is reflected from the optical disc 3 is reflected by a beam 
splitter or half-mirror or the like, and is detected by a 
light detector to effect playback from the disc. 

In the case of a second optical disc 4 which has a 
substrate thickness that differs from that of the first opti- 
cal disc 3, the above-noted laser light source 1 is moved 
along the optical axis to a different position. 

When doing this, the second position P2, which is 
indicated in the drawing by a broken line, similar to the 
case shown in Fig. 4, is the position at which the aber- 
ration is minimum for the second optical disc. In the 
present invention, the laser light source 1 is moved to an 
intermediate third position P3, which does not reach the 
second position P2. 

This third position P3 will be described with regard 
to the characteristics of overall wavefront aberration and 
allowable lateral skew with respect to a change in the 
position from that shown in Fig. 2. These characteristics 
are for the case in which the substrate thickness is 
greater than the thickness for which the objective lens is 
designed. 

As shown by the solid line in this drawing, when the 
light source is moved toward the objective lens, at a cer- 
tain distance, all of the total wavefront aberration in the 
collimated beam is minimum. 

However, the allowable amount of lateral skew, indi- 
cated by the broken line, decreases. In the present 
invention, the light source is set to a position at which 
the overall wavefront aberration is not very much wors- 
ened, and at which a certain amount of allowable lateral 
skew is achieved, this being the third position P3. 
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As mentioned above, in the optical head of the 
present invention, the first position of the laser light 
source is used when the first optical disk is used while 
the third position of the laser light source is used when 
the second optical disk is used. 

Further in the optical head of the present invention, 
the third position is a position at which not only is the 
wavefront aberration smaller than at the first position 
with respect to the second optical disc, but also there is 
not a significant reduction in the amount of allowed lat- 
eral skew comparing with that at the first position. 

In an specific embodiment of the optical head in the 
present invention, the laser light source is moved along 
the optical axis by a mechanical mechanism. 

On the other hand, the laser light source is imagi- 
narily existed at the third position along the optical axis 
by a hologram element used in the optical head. 

It is apparent from the above-mentioned explana- 
tion of the present invention, a hologram element that is 
formed by interference between two spherical waves is 
inserted between the laser light source and the objec- 
tive lens, and wherein by selecting between light trans- 
mitted light and diffracted light of the hologram element 
the third position of the laser light source on the optical 
axis is virtually set. 

Further, in the optical head of the present invention, 
the hologram element that diffracts only light having a 
certain polarization direction is inserted between the 
laser light source and the objective lens, and wherein by 
selecting polarized light that is emitted from the holo- 
gram element, the third position of the laser light source 
on the optical axis is virtually set. 

In terms of a example with specific values, with the 
optimum numerical aperture (NA) of 0.6 with respect to 
an optical disc with a substrate thickness of 0.6 mm, 
using an objective lens having a focal length of 3.3 mm, 
and a light source set designed distance of 38 mm, con- 
sider the case in which an optical disc has a substrate 
thickness of 1.2 mm. 

If the distance between the objective lens and the 
light source is set to 25 mm, it is possible to obtain a 
minimum amount of aberration of approximately 0.004 A, 
rms. However, if the amount of allowable lateral skew at 
this position is 0.05 k or less, the narrow value of 0.3 
mm or less results. 

If the distance between the objective lens and the 
light source is set to 23 mm, there is a light deterioration 
of aberration to approximately 0.02 X , even on the opti- 
cal axis. However, the mount of allowable lateral skew 
can be increased to 0.5 mm. 

Therefore, in the case of a second optical disc 4 
having a different substrate thickness, by moving the 
laser light source 1 from the first position P1 to the third 
position P3, not only is the wavefront aberration with 
respect to this second optical disc 4 reduced, but it is 
also possible to suppress an accompanying reduction in 
the amount of allowable lateral skew. 

Therefore, at the third position P3, even if the laser 



light source 1 is skewed from the optical axis, because 
it is possible to achieve some allowance in the value of 
this skew, it is possible to achieve good-quality playback 
without a sharp deterioration in the aberration charac- 
5 teristics. 

In place of a finite-type lens, it is possible to use a 
combination of a collimator lens and an infinite-type lens 
for the objective lens 2. Additionally, while it is possible 
to use a mechanical system for moving the laser light 

10 source 1 along the optical axis 0, it is also possible to 
insert an optical component to change the equivalent 
optical distance. 

For example. Fig. 2 shows an embodiment in which 
a hologram element is used. In this drawing, elements 

is which are the same as shown in Fig. 1 are assigned the 
same reference numerals. 

In the system shown in Fig. 2, the light transmitted 
through the hologram element 5 corresponds to the first 
optical disc 3, and the diffracted light from the hologram 

20 element 5 corresponds to the second optical disc 4, and 
when using the diffracted light, the light from the laser 
light source at the first position P1 is moved to the virtual 
third position P3 with respect to the objective lens 2, this 
being equivalent to emitting light at that position. 

25 By doing this, without actually moving the laser light 
source 1 , it is possible to alleviate wavefront aberration 
and also to prevent an accompanying reduction in the 
allowable lateral skew. 

In this embodiment of the present invention, even in 

30 the case in which laser light source 1 positioned at the 
first position P1 is skewed from the optical axis 0, it is 
possible to prevent a worsening of the aberration char- 
acteristics when playing hack from a second optical disc 
4. 

35 With this configuration, because the laser light 
source is not actually moved, a movement mechanism 
therefor is not necessary, thereby enabling a simplifica- 
tion of the optical head. 

The pattern of the above-noted hologram element 5 

40 can be formed as an interference pattern between the 
spherical wave from the first position P1 and the spher- 
ical wave from the third position P3, thereby making it 
easy to form. 

Additionally, if the hologram element is one which 

45 has polarization characteristics that diffracts only light of 
a specific polarization, by switching the polarized light 
impinging upon the hologram element using a half- 
wavelength plate or a liquid crystal element or the like, it 
is possible in effect to switch the position of the laser 

so light source to between the first position P 1 and the third 
position P3 in accordance with the optical disc of inter- 
est. 

As apparent from the above-mentioned explana- 
tion, in the present invention, it is also provided a 
55 method for recording or reproducing optical information 
on to or from optical disks each having a separate thick- 
ness thereof from each other, utilizing an optical head 
means in which light that is emitted from a laser light 
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source, is collected via an intervening objective lens, 
onto an optical disk as a minutely small spot, wherein 
when a first optical disc is used, the laser light emitted 
from the laser light source located at a first position on 
an optical axis with respect to the objective lens, is 
focused onto the first optical disc, while when a second 
optical disc having a thickness thereof being different 
from that of the first optical disc is used, the laser light 
emitted from the laser light source located at a third 
position on an optical axis with respect to the objective 
lens, is focused onto the second optical disc, after the 
laser light source had moved thereto from the first posi- 
tion. 

And further another embodiment of the present 
invention is such that a method for recording or repro- 
ducing optical information on to or from optical disks 
each having a separate thickness thereof from each 
other, utilizing an optical head means in which light that 
is emitted from a laser light source, is collected via an 
intervening objective lens, onto an optical disk as a 
minutely small spot, wherein when a first optical disc is 
used, the laser light emitted from the laser light source 
located at a first position on an optical axis with respect 
to the objective lens, is focused onto the first optical 
disc, while when a second optical disc having a thick- 
ness thereof being different from that of the first optical 
disc is used, the laser light emitted from an virtual laser 
light source assumed to be located at a third position on 
an optical axis with respect to the objective lens, is 
focused onto the second optical disc. 

As described in detail above, according the present 
invention, because the configuration is such that it is 
possible to selectively position the laser light source at 
either the first position on the optical axis, correspond- 
ing to the objective lens position for the first optical disc, 
and a third position on the optical axis, corresponding to 
the position at which the aberration for the second opti- 
cal disc, which has a substrate thickness that is different 
than that of the first optical disc, is minimum, by setting 
this third position P3 as a position at which there is a 
reduction in the aberration but at which there is not a 
significant reduction in the allowable lateral skew, it is 
possible to implement an optical head which, in addition 
to enabling the formation of a proper light spot on optical 
discs having differing substrate thicknesses, does not 
cause a deterioration of the aberration characteristics 
even if the laser light source is skewed from the optical 
axis. 

Claims 

1. An optical head which collects light that is emitted 
from a laser light source, via an intervening objec- 
tive lens, onto an optical disk as a minutely small 
spot, said objective lens being designed to accom- 
modate the substrate thickness of a first optical 
disc, and said laser light source being at either one 
of a first position on an optical axis with respect to 



said objective lens, or a prescribed third actual or 
virtual position on said optical axis, which is 
between said first position and a second position on 
said optical axis that corresponds to a position at 
5 which the aberration is minimum with respect to a 
second optical disc that has a substrate thickness 
which differs from the substrate thickness of said 
first optical disc. 

10 2. An optical head according to claim 1 , wherein said 
first position of said laser light source is used when 
said first optical disk is used. 

3. An optical head according to claim 1 , wherein said 
15 third position of said laser light source is used when 

said second optical disk is used. 

4. An optical head according to claim 1 , wherein said 
third position is a position at which not only is the 

20 wavefront aberration smaller than at said first posi- 
tion with respect to said second optical disc, but 
also there is not a significant reduction in the 
amount of allowed lateral skew comparing with that 
at said first position. 

25 

5. An optical head according to claim 1 , wherein said 
laser light source is moved along said optical axis 
by a mechanical mechanism. 

30 6. An optical head according to claim 1 , wherein said 
laser light source is imaginarily existed at the third 
position along said optical axis by a hologram ele- 
ment used in said optical head. 

35 7. An optical head according to claim 1, wherein a 
hologram element that is formed by interference 
between two spherical waves is inserted between 
said laser light source and said, objective lens, and 
wherein by selecting between light transmitted light 

40 and diffracted light of said hologram element, said 
third position of said laser light source on said opti- 
cal axis is virtually set. 

8. An optical head according to claim 1. wherein a 
45 hologram element that diffracts only light having a 

certain polarization direction is inserted between 
said laser light source and said objective lens, and 
wherein by selecting polarized light that is emitted 
from said hologram element, said third position of 
so said laser light source on said optical axis is virtu- 
ally set. 

9. A method for recording or reproducing optical infor- 
mation on to or from optical disks each having a 

55 separate thickness thereof from each other, utilizing 
an optical head means in which light that is emitted 
from a laser light source, is collected via an inter- 
vening objective lens, onto an optical disk as a 
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minutely small spot, wherein when a first optical 
disc is used, said laser light emitted from said laser 
light source located at a first position on an optical 
axis with respect to said objective lens, is focused 
onto said first optical disc, while when a second 5 
optical disc having a thickness thereof being differ- 
ent from that of said first optical disc is used, said 
laser fight emitted from said laser light source 
located at a third position on an optical axis with 
respect to said objective lens, is focused onto said w 
second optical disc, after said laser light source had 
moved thereto from said first position. 

10. A method for recording or reproducing optical infor- 
mation on to or from optical disks each having a is 
separate thickness thereof from each other, utilizing 
an optical head means in which light that is emitted 
from a laser light source, is collected via an inter- 
vening objective lens, onto an optical disk as a 
minutely small spot, wherein when a first optical 20 
disc is used, said laser light emitted from said laser 
light source located at a first position on an optical 
axis with respect to said objective lens, is focused 
onto said first optical disc, while when a second 
optical disc having a thickness thereof being differ- 25 
ent from that of said first optical disc is used, said 
laser light emitted from an virtual laser light source 
assumed to be located at a third position on an opti- 
cal axis with respect to said objective lens, is 
focused onto said second optical disc. 30 
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FIG.3 
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(54) Optical head 

(57) The configuration of an optical head is such 
that it enables movement of and setting of the position 
of a laser light source along an optical axis to either a 
first position which corresponds to the position for which 
an objective lens is designed to accommodate an opti- 
cal disc having a first substrate thickness, and a third 
position which is between the first position and a second 
position at which the aberration with respect to an opti- 
cal disc having a second substrate thickness, which is 
different than that of the first optical disc, is minimum. By 



establishing this third position as a position at which not 
only is there a reduction in aberration with respect to the 
second optical disc, but also at which there is no signif- 
icant reduction in the allowable amount of lateral skew 
of the laser light source from the optical axis, it is possi- 
ble to prevent a significant worsening of aberration char- 
acteristics, even if the laser light source is skewed from 
the optical axis. 



FIG.1 




Q. 

LU 



Primed by Xerox (UK) Business Servioes 
2.16.3/34 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 97 U 5922 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ol document with indication, where appropriate. 
oj relevant passages 



Relevant 
to claim 



CLASSIFICATION Of THE 
APPLICATION (InlCl.t) 



A 
X 
A 



P,X 



p,x 

P,A 



P.X 



PATENT ABSTRACTS OF JAPAN 
vol. 096, no. 012, 26 December 1996 
-& JP 08 203094 A (MATSUSHITA ELECTRIC 
IN0 CO LTD), 9 August 1996, 

* abstract * 

EP 0 610 055 A (MATSUSHITA ELECTRIC IND CO 
LTD) 10 August 1994 

* column 31, line 24 - column 37, line 32; 
figure 4 * 

EP 0 236 503 A (MITSUBISHI ELECTRIC CORP) 
16 September 1987 

* the whole document * 

EP 0 786 766 A (SONY CORP) 30 July 1997 

* the whole document * 

EP 0 762 403 A (HITACHI LTD) 12 March 1997 

* page 11, line 36 - line 46; figures 9,10 

* page 4, line 21 - line 44; figures 2-4 * 

PATENT ABSTRACTS OF JAPAN 
vol. 097, no. 008, 29 August 1997 
& JP 09 091749 A (VICTOR CO OF JAPAN 
LTD), 4 April 1997, 

* abstract * 



1,2,10 
9 

1,10 
9 

1,5,9,10 
1-4,10 



1,2,9,10 
3,5 



G11B7/12 

G11B7/135 

G11B7/125 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



1,10 



G11B 



The present search report has been drawn up lor all claims 



8 
a 
§ 



Place of search 

THE HAGUE 



Dale of correlation of ffw sosich 

27 May 1998 



Exarrinar 

Holubov, C 



CATEGORY OF CITED OOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant it combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or princpie underlying the invention 
E : earlier patent document but published on, or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 



A : member of the same patent family, corresponding 
document 



2 



